Functional results in ossiculoplasty with different titanium prostheses  by Mostafa, Badr Eldin et al.
Egyptian Journal of Ear, Nose, Throat and Allied Sciences (2013) 14, 79–84Egyptian Society of Ear, Nose, Throat and Allied Sciences
Egyptian Journal of Ear, Nose, Throat and Allied
Sciences
www.ejentas.comORIGINAL ARTICLEFunctional results in ossiculoplasty with diﬀerent
titanium prosthesesBadr Eldin Mostafa, Lobna El Fiky, Ossama Hassan *Otolaryngology Department, Ain Shams University, Cairo, EgyptReceived 10 March 2013; accepted 25 April 2013
Available online 24 May 2013*
H
+
E
Pe
Th
20
htKEYWORDS
Bio-compatible materials;
Titanium prostheses;
Ossiculoplasty;
Conductive hearing loss;
TympanoplastyCorresponding author. Ad
assan Aﬂaton Street, Ard Alg
20 (202) 24171137, mobile: +
-mail address: braveear58@
er review under responsibili
roat and Allied Sciences.
Production an
90-0740 ª 2013 Production
tp://dx.doi.org/10.1016/j.ejendress: OR
olf, Mad
20 1000
yahoo.co
ty of Eg
d hostin
and hosti
ta.2013.0Abstract Background: Titanium prostheses provide functionally promising results after recon-
struction. Additional designs are created to improve and facilitate the surgical technique.
Objectives: To compare the functional results in patients receiving classic and Vario titanium
prostheses for ossicular reconstruction and to document the amount of time required to prepare
both prostheses.
Study design: Prospective randomized comparative study.
Patients andmethods: 16 Patients underwent ossiculoplasty. The ﬁrst group received the classical
titanium prosthesis (n= 8), and the second group received the Vario titanium prosthesis (n= 8).
Three patients underwent primary ossicular reconstruction after trauma and 13 underwent second
stage reconstruction after tympanoplasty.
Results: Audiological assessment at 12 months revealed a signiﬁcant improvement (p< 0.0001)
in air-bone gap (ABG), in each group separately, with an average improvement by 21 dB in the clas-
sical, and 25 dB in the Vario titanium groups. However, there was no signiﬁcant difference in
improvement of the ABG between both groups. Closure of the average postoperative air bone
gap within 20 dB or less was considered a successful hearing result and this was achieved in 83%
(10/12) of cases in the classical group, 75% (6/8) of cases in the Vario group and in 80% (16/
20) in both groups.L, Ain Shams University, 17
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Table 1 Audiological data preoper
Air bone gap (dB) 0.5, 1, 2, and 3 kH
Pre-operative AC
Post-operative AC
Change (negative values indicate better
Air conduction (dB) 0.5, 1, 2, and 3 k
80 B.E. Mostafa et al.Conclusion: Ossiculoplasty using either the classic or Vario titanium prosthesis showed a signif-
icant improvement in hearing. The classical titanium prothesis is preferred over the adjustable
Vario type as the latter proves to be time consuming for intraoperative shaping and trimming
rendering it to be not cost effective.
ª 2013 Production and hosting by Elsevier B.V. on behalf of Egyptian Society of Ear, Nose, Throat and
Allied Sciences.1. Introduction
Reconstruction of a disrupted ossicular chain and restora-
tion of sound transmission are one of the most delicate
tasks to achieve in otologic surgery.1 Over 60% of cases
with chronic otitis media are reported to have ossicular
involvement; therefore the need for ossiculoplasty is
compulsory.2
Many types of prostheses are available, including alloplas-
tic, auto graft, and homograft prostheses, which have been
used with variable success. The ideal ossicular prosthesis
should be manageable, versatile, biocompatible and stable
over time.3,4
Titanium (Ti) is an excellent biocompatible material. It
proved to be a suitable material for ossicular reconstruction
because of its biostability and low ferromagneticity.5–8 Tita-
nium is light and strong, allowing versatility in the prosthetic
design; thus the prosthesis can be thin and yet rigid making
it a good sound conductor.9 All the current designs have an
open head plate rather than a solid plate, to allow observation
of the stem of the prosthesis with an accurate placement.
The aim of the present study was to compare the functional
hearing results of two different types of titanium implants: the
classic ﬁxed length Kurz (Kurz GmbH, DuBlingen, Germany)
titanium prosthesis, available as partial ossicular replacement
prosthesis (Bell, PORP), or total ossicular replacement pros-
thesis (Aerial, TORP); second, a Tuebingen titanium prosthe-
sis Vario (TTP-Vario) whether partial or total with an
adjustable length. The Vario model can be modiﬁed intra-
operatively to the required length in steps down to 0.25 mm
using the TTP-Vario instrument. Secondary outcomes in-
cluded the documentation of the surgical-handling attributes
of both prostheses, regarding timing of preparation, ease of
handling, adjustment and placement.
2. Materials and methods
In the period from June 2007 till March 2008, 16 patients
undergoing ossiculoplasty in the Otolaryngology department,
Ain Shams University, Cairo, Egypt, were included. The studyative and postoperative of all pa
z Mean SD
38.7 4.8265
15.9 7.219
hearing)
Hz 22.4375 6.772186was approved by the institutional review board of the
University.
All patients had titaniumprostheses placed during surgery. The
patients were randomly assigned into two groups according to the
type of prosthesis used (Fig. 1). In the ﬁrst group (A), the Kurz
(Kurz GmbH, Dublingen, Germany) with classical ﬁxed length,
titanium prosthesis, available in different lengths was used. In
the second group (B) the Tuebingen titanium prosthesis Vario
(TTP-Vario) with adjustable length was used (Tables 1–3). We
only included patients with traumatic ossicular disruption and
second stage ossiculoplasty after tympanomastoidectomy.
Patients’ data, operative details and audiological evaluation
were collected. For the ﬁxed length prostheses, the most
approximate prosthesis length was used (total ossicular
replacement prosthesis = TORP or partial ossicular replace-
ment prosthesis = PORP according to the ossicular status).
For the Vario group, the prosthesis was accurately fashioned
after measurement. A piece of tragal cartilage was routinely
placed between the tympanic membrane and the head of the
prosthesis. The tympanomeatal ﬂap was slightly tented by
the cartilage and prosthesis to ensure a ﬁrm columella effect.
2.1. Data analysis
Endpoint analysis was evaluated for audiological results,
extrusion rate, average operative time and ease of surgical pro-
cedure. The success rate in relation to the surgical technique
and the type of prosthesis whether partial or total were also
documented. Preoperative and postoperative audiograms,
done one year after surgery, were obtained and compared in
all patients. Results are reported according to the American
Academy of Otolaryngology-Head and Neck Surgery (AAO-
HNS) committee on hearing and equilibrium guidelines for
the evaluation of conductive hearing loss treatment results.10
Threshold frequencies of 0.5, 1, 2, and 3 kHz were used. Mean
differences in threshold were calculated for air and bone con-
duction and air-bone gap (ABG). A successful functional re-
sult was deﬁned as a postoperative ABG of 20 dB or less.
The data were therefore analyzed with regard to the type of
the material (classic Kurz and Vario), type of prosthesistients.
Percentage
<0 1–10 11–20 21–30 31–40 41–50 50+
0 0 0 7 68 25 0
0 25 56 13 6 0 0
Percentage change
dB better dB worse
<30 29 to 20 19 –10
4 7 5
Table 2 Data of patients in the classic titanium prosthesis group.
N Sex Age Side Operation Prosthesis Length (mm) Malleus Stapes
1 F 18 Right CWU TORP 6.5 Absent Absent
2 F 44 Left CWD PORP 2.5 Present Present
3 M 38 Right CWU PORP 2.25 Present Present
4 M 34 Right CWU TORP 4.5 Present Absent
5 M 45 Right CWU PORP 2.25 Present Present
6 F 45 Right CWD TORP 4.5 Absent Absent
7 M 52 Left CWU PORP 2.75 Present Present
8 F 24 Right CWU PORP 2.5 Present Present
Table 3 Data of patients in the Vario titanium prosthesis group.
N Sex Age Side Operation Prosthesis Length (mm) Malleus Stapes
1 M 24 Right Trauma PORP 2.5 Present Present
2 M 45 Right CWU TORP 4.75 Present Absent
3 F 49 Left CWD PORP 2.5 Present Present
4 M 25 Right Trauma PORP 2.5 Present Present
5 M 16 Right Trauma PORP 2.5 Present Present
6 F 30 Left CWD TORP 4.5 Absent Absent
7 F 18 Right CWU TORP 4.25 Absent Present
8 M 32 Left CWD PORP 4.5 Absent Absent
Functional results in ossiculoplasty with different titanium prostheses 81(PORP or TORP) and type of surgery (canal wall up = CWU
or canal wall down = CWD). These data were compared
using student’s t test which was considered signiﬁcant at
0.005. Statistical analysis was done using SPSS software for
Windows (version 15).
3. Results
A total of 16 ossiculoplasty procedures were performed using
Titanium prostheses.
This patient cohort group consisted of nine male and seven
female patients (age range = 18–52 years; average =
29.88 ± 11.9) (Tables 2 and 3). There were ﬁve cases of CWD
technique and eightCWUtechniques. The remaining three casesAssessed For El
n=56
Canal wall do
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Otosclerosis n=16
Perforation  n=12
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Figure 1 Allocation tabwerepost-traumatic ossicular disruption.Elevenpatients (68.75%)
had surgery on the right ear whereas ﬁve patients (31.25%) had
surgery on the left ear. A total of 10 PORP and 6 TORPwere used
in all 16 patients. In each group 5 partial prostheses (62.5%) and
three total prostheses were used (37.5%).
3.1. Ossicular status
An intact mobile stapes superstructure was present in 10 cases
(62.5%) and only a mobile footplate in six cases (37.5%). An
intact mobile stapes superstructure was seen in 60% (3/5) of
CWD technique and in 50% (4/8) of CWU technique. The
three traumatic cases had incus dislocation on exploratory
tympanotomy.igibility
Traumatic
n = 3
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sion
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Group B
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le for randomization.
82 B.E. Mostafa et al.3.2. Surgical details
The classic Titanium prosthesis is ﬁxed in length and is sup-
plied in different lengths. Measuring the needed length was
done and the proper length was then chosen and used
(Fig. 1). The Vario implant is available as an adjustable-
length prosthesis that can be trimmed into the desired length.
For length adjustment we need the TTP-Vario instrument
set. Once the length has been determined, securing the shaft
of the head plate has to be done. This is usually a tedious step.
Both prostheses were easily manipulated and handled during
placement. The open head design in both implants provided
an excellent visualization of the stem during insertion. A piece
of cartilage was always used over the head of the prosthesis to
decrease the rate of extrusion. There is still a blind spot when
the cartilage is inserted which blocks visualization and can cre-
ate an instability in the reconstruction.
3.3. Prostheses used
Length of PORP ranged from 2.25 to 4.5 mm, with the 2.5 mm
long prosthesis being the most frequently used (n= 10).
Length of TORP ranged from 4.25 mm to 6.5 mm, with the
4.5 mm long prosthesis being the most frequently used (n= 6).
3.4. Functional results
The average improvement in ABG among all 16 patients,
regardless of the type of implant used or the ossicular status
was 22.8 dB (Table 1).
Group A (Table 2): (n= 8)Table 4 Comparison of pre-and post-operative air bone gap (ABG
P
Air bone gap (dB) 0.5, 1, 2, and 3 kHz Mean SD <
Pre-operative AC 38 5.7 0
Post-operative AC 14 9.1 0
P
d
Change(negative values indicate better hearing) <
Air conduction (dB) 0.5, 1, 2, and 3 kHz 24.625 8.192985 3
Table 5 Comparison of pre-and post-operative air bone gap (ABG
P
Air bone gap (dB) 0.5, 1, 2, and 3 kHz Mean SD <
Pre-operative AC 39 4.2 0
Post-operative AC 18 4.2 0
P
d
Change(negative values indicate better hearing) Mean SD <
Air conduction dB 0.5, 1, 2, and 3 kHz 21 4.375255 1
Table 6 Comparison in the hearing results between the classic and
Group Classic titanium
Preoperative ABG 39.13 ± 1.481
Postoperative ABG 18.13 ± 1.481The mean preoperative ABG was 39.13 ± 1.481 and the
mean postoperative ABG was 18.13 ± 1.481 making an aver-
age improvement in ABG of 21 dB. For the patients who were
implanted with the classic titanium TORP, the improvement
reached 26 dB (n= 3) and 23.8 dB for the classic titanium
PORP (n= 5).
Group B (Table 3) (n= 8)
The mean preoperative and postoperative ABG were
38.25 ± 1.998 and 13.63 ± 3.212, respectively, with an aver-
age improvement in ABG of 25 dB. The average improvement
in ABG for the patients who were implanted with Vario
TORP was 23.3 dB (n= 3) and 19.6 dB for the Vario PORP
(n= 5).
TORP vs. PORP:
Among the 6 patients implanted with titanium TORP in
both groups, the average improvement in ABG was 24.6 dB
and the success rate was 80% (8/10). Whereas in the 10 pa-
tients who received PORP titanium whether classic or Vario,
the average improvement in ABG was 21.7 dB and the success
rate was 83.3% (5/6).
There was a signiﬁcant improvement of the ABG
(p< 0.0001), in each group separately (Tables 4 and 5). There
was no preoperative difference in the ABG between both
groups and there was no signiﬁcant difference in improvement
of the ABG between both groups postoperatively (Table 6).
A successful hearing result was achieved in 87.5% (7/8) of
cases in group A, 75% (6/8) of cases in group B and in
81.25% (13/16) in both groups. There were 3 cases (18.75%)
with a post-operative ABG of more than 20 dB, considered
as suboptimal results, one with classic titanium TORP and
the other two cases with Vario PORP.) in classic titanium group.
ercentage
0 1–10 11–20 21–30 31–40 41–50 50+
0 0 12 63 25 0
50 56 38 12 0 0
ercentage change
B better dB worse
30 29 to 20 19 –10
8 37 25
) in Vario titanium group.
ercentage
0 1–10 11–20 21–30 31–40 41–50 50+
0 0 0 63 37 0
0 75 25 0 0 0
ercentage change
B better dB worse
30 29 to 20 19 –10
3 62 25
Vario titanium prosthesis, pre- and post-operatively.
Vario titanium Signiﬁcance
38.25 ± 1.998 0.7302
13.63 ± 3.212 0.2241
Functional results in ossiculoplasty with different titanium prostheses 83The average improvement in ABG and the success rate for
the patients who underwent CWU (n= 11) were 23.45 dB and
81.8%, respectively. On the other hand, the average improve-
ment in ABG and the success rate for the patients who under-
went CWD (n= 5) were 21.4 dB and 80%, respectively.
Taking the type of prosthesis and the surgical technique into
consideration in cases of chronic otitis media (n= 13), we
found that the success rate with the use of PORP in CWD pro-
cedures, or TORP prosthesis in CWU surgery, reached 100%.
A signiﬁcant decrease in the hearing results to 50% was found
only with the combination of TORP and CWD.4. Discussion
The functional results of ossiculoplasty are variable in the
literature. This variability can be explained by the difference
in the patient cohort group, the timing of ossiculoplasty and
the type of prosthesis used. Synthetic materials have long been
used to reconstruct the ossicular chain. Titanium has been
shown to be a highly biocompatible material and reliable
implant in such reconstruction. It is an effective and easy
material in handling which led to the development of new
and versatile designs.11–13
High rates of hearing restoration reaching 81% as in
our study are common especially with the recent use of
Titanium.14–17
The results of tympano-ossiculoplasties should be cau-
tiously interpreted, as several anatomical, pathophysiologic
and technical factors can affect the functional outcome.18–20
These include revisions versus one stage cases.12,19,21 The pres-
ence or absence of cholesteatoma was considered to contribute
to the results of ossiculoplasty. As all our reconstruction was
done as a planned second procedure in cholesteatoma cases,
we eliminated the presence of cholesteatoma as a cause of low-
er results. Other authors did not ﬁnd any difference between
reconstruction with or without cholesteatoma surgery during
the same procedure. The type of tympanoplasty technique
used, whether CWU or CWD, has also been blamed in the re-
sults of ossiculoplasty. However, the results of both techniques
in our study were comparable, as seen with other authors.22
Needless to say, that the type of reconstruction depends
upon the ossicular chain disruption condition. However, par-
tial reconstruction does not necessarily yield better results than
total reconstruction. Interestingly, we found that each of the
TORP prosthesis and canal wall down, did not give lower suc-
cess.23 However, the combination of the two factors gave
approximately a 50% reduction in success rate. Most authors
found that the major factors inﬂuencing good audiometric
results were the surgical procedure preserving the external
auditory canal and the presence of the stapes. The
combination of CWD and TORP gave signiﬁcant inferior
hearing thresholds as compared to TORP/CWU and PORP/
CWDcombinations.12,24,25
The preservation of the posterior canal wall and the stapes
superstructure are both factors in our material that promote
stability for the middle ear prosthesis. We assume that the exis-
tence of only one of these factors was usually sufﬁcient for
good hearing results. Caution is advised when selectingcandidates for ossiculoplasty when both the canal wall and sta-
pes superstructure are absent.
The reported difference in our study between the Titanium
TORP and PORP may be explained by the fact that TORP
prostheses were more frequently used in CWD surgery.
The extrusion rate of titanium is reported to be negligi-
ble.6,7,11,14 The placement of cartilage interposed between the
prosthesis and the tympanic membrane might also prevent
extrusion.24,25 Several studies have shown very few extrusion
rates with titanium middle ear prostheses. Although we had
no cases of prosthesis extrusion, our series follow-up is too
short to evaluate extrusion rates.
Readymade ﬁxed-length prostheses were easier and more
rapid to handle.1 They also needed less time and fewer instru-
ments to adjust. On the other hand, adjustable-length prosthe-
ses needed more time, speciﬁc instrument set and more
expertise for length adjustment and ﬁxation. During insertion,
surgical-handling properties of both prostheses were equally
easy. The open head design allows accurate placement of the
stem of the prosthesis.26 The functional results are similar with
both prostheses. Although it was stated that the Vario pros-
thesis is more convenient in terms of logistics and storage (only
two prosthesis should be available at any time), the extra cost
of the adjustable prosthesis, the need for speciﬁc surgical
equipments and the longer operative time and expertise for
adjustment, largely outweigh these arguments.
In conclusion, ossiculoplasty using either the classical ﬁxed-
length titanium or Vario prostheses showed a signiﬁcant
improvement in hearing. Both implants offer the proven ben-
eﬁts of Titanium, namely high biocompatibility and high sta-
bility, excellent surgical handling impression and effective
hearing results with a very low extrusion rate. Time consuming
intraoperative shaping and trimming of the Vario prosthesis
can be avoided using the classical titanium prosthesis.Acknowledgments
The authors acknowledge Kurz GmbH, Dublingen, Germany,
for their supply of the Vario prosthesis and the TTP-Vario
instruments, as part of a multicentric study coordinated by
Professor Hans Peter Zenner, Germany.
No funding was received for this work from any source.
References
1. Maassen MM, Lo¨wenheim H, Pﬁster M, et al. Surgical-handling
properties of the titanium prosthesis in ossiculoplasty. Ear Nose
Throat J. 2005;84(3):142–144.
2. Chole RA. Ossiculoplasty with banked cartilage. Otolaryngol Clin
North Am. 1994;27:717–726.
3. Hales NW, Shakir FA, Saunders JE. Titanium middle ear prosthe-
ses in staged ossiculoplasty: does mass really matter? Am J
Otolaryngol. 2007;28(3):164–167.
4. Artuso A, di Nardo W, De Corso E, Marchese MR, Quaranta N.
Canal wall down tympanoplasty surgery with or without ossicu-
loplasty in cholesteatoma: hearing results. Acta Otorhinolaryngol
Ital. 2004;24(1):2–7.
5. Bra˚nemark PI. Osseo integration and its experimental background.
J Prosthetic Dent. 1983;50(3):399–410.
84 B.E. Mostafa et al.6. Begall K, Zimmermann H. Reconstruction of the ossicular chain
with titanium implants. Results of a multicenter study. Laryngo-
rhinootologie. 2005;9(3):139–145.
7. Martin AD, Harner SG. Ossicular reconstruction with titanium
prosthesis. Laryngoscope. 2004;114:61–64.
8. Gardner EK, Jackson CG, Kaylie DM. Results with titanium
ossicular reconstruction prostheses. Laryngoscope. 2004;114(1):
65–70.
9. Menendez-Colino LM, Bernal-Sprekelsen M, Alobid I, Trassera-
Coderch J. Preliminary functional results of tympanoplasty with
titanium prostheses. Otolaryngol Head Neck Surg.
2004;131:747–749.
10. Committee on Hearing and Equilibrium. Guidelines for the
evaluation of results of treatment of a conductive hearing loss.
Otolaryngol Head Neck Surg. 1995;113:186–187.
11. Ceccato SB, Maunsell R, Morata GC, Portmann D. Comparative
results of type II ossiculoplasty: incus transposition versus
titanium PORP (Kurz). Rev Laryngol Otol Rhinol (Bord).
2005;126(3):175–179.
12. Vassbotn FS, Møller P, Silvola J. Short-term results using Kurz
titanium ossicular implants. Eur Arch Otolaryngol.
2007;264(1):21–25.
13. Roth JA, Pandit SR, Soma M, Kertesz TR. Ossicular chain
reconstruction with a titanium prosthesis. J Laryngol Otol.
2009;123(10):1082–1086.
14. Dalchow CV, Grun D, Stupp HF. Reconstruction of the ossicular
chain with titanium implants. Otolaryngol Head Neck Surg.
2001;125:628–630.
15. Krueger WW, Feghali JG, Shelton C, et al. Preliminary ossicu-
loplasty results using the Kurz titanium prostheses. Otol Neurotol.
2002;23(6):836–839.
16. Downs BW, Pearson JM, Zdanski CJ, Buchman CA, Pillsbury
HC. Revision ossicular reconstruction with the titanium Kurz
prosthesis. Laryngoscope. 2002;112(8 Pt 1):1335–1337.17. Neff BA, Rizer FM, Schuring AG, et al. Tympano-ossiculoplasty
utilizing the Spiggle and Theis titanium total ossicular replacement
prosthesis. Laryngoscope. 2003;113:1525–1529.
18. De Vos C, Gersdorff M, Ge´rard JM. Prognostic factors in
ossiculoplasty. Otol Neurotol. 2007;28(1):61–67.
19. Neudert M, Zahnert T, Lasurashvili N, Bornitz M, Lavcheva Z,
Offergeld C. Partial ossicular reconstruction: comparison of three
different prostheses in clinical and experimental studies. Otol
Neurotol. 2009;30(3):332–338.
20. Martin TP, Weller MD, Kim DS, Smith MC. Results of primary
ossiculoplasty in ears with an intact stapes superstructure and
malleus handle: inﬂammation in the middle ear at the time of
surgery does not affect hearing outcomes. Clin Otolaryngol.
2009;34(3):218–224.
21. Dornhoffer JL, Gardner E. Prognostic factors in ossiculoplasty: a
statistical staging system. Otol Neurotol. 2001;22(3):299–304.
22. In˜iguez-Cuadra R, Alobid I, Bore´s-Domenech A, Mene´ndez-
Colino LM, Caballero-Borrego M, Bernal-Sprekelsen M. Type III
Tympanoplasty With Titanium Total Ossicular Replacement
Prosthesis: Anatomic and Functional Results. Otol Neurotol.
2010;31(3):409–414.
23. De Corso E, Marchese MR, Sergi B, Rigante M, Paludetti G. Role
of ossiculoplasty in canal wall down tympanoplasty for middle-ear
cholesteatoma: hearing results. J Laryngol Otol. 2007;121(4):
324–328.
24. Nguyen DQ, Lavieille JP, Schmerber S. Failure rate and revision
surgery in ossiculoplasty with Kurz titanium prosthesis. Rev
Laryngol Otol Rhinol (Bord). 2004;125(3):157–162.
25. Ho SY, Battista RA, Wiet RJ. Early results with titanium ossicular
implants. Otol Neurotol. 2003;24:149–152.
26. Siddiq MA, Raut VV. Early results of titanium ossiculoplasty
using the Kurz titanium prosthesis: a UK perspective. J Laryngol
Otol. 2007;121(6):539–544.
